We present a study of the two-point correlation function ξ(r) of superclusters of galaxies. The largest catalogs are used. The results show negligible correlation |ξ| < 0.1 ÷ 0.2 for separations up to (500 ÷ 600) h −1 Mpc. Small correlations are obtained using various estimates and samples. Seemingly there are no structures of superclusters of galaxies.
Introduction
Correlation functions are very useful instrument to study the structuring in the Universe (Peebles 1980 and references therein) . Despite some discussion on the dependence of the correlation radius on depth, luminosity or richness, the two-point correlation function for galaxies and clusters is well established -a power low ξ(r) = (r/r 0 ) −γ , where γ ≈ 1.7 ÷ 1.8 and r 0 is the correlation radius (see Bahcall 1988 for a review; Fisher et al. 1994 , Loveday et al. 1995 , Hermit et al. 1996 , Postman et al. 1986 , West & van den Bergh 1991 , Efstathiou et al. 1992 . As concerning the superclusters of galaxies Kalinkov & Kuneva (1985) have shown that ξ(rh −1 ) ≈ 0 for r ∼ < 180h −1 Mpc (h is the Hubble constant in units of 100 km s −1 Mpc −1 ; we use luminosity distance for q 0 = 1/2).
This result was confirmed later by Kalinkov & Kuneva (1986) . Bahcall & Burgett (1986) revealed correlations for superclusters from the catalog of Bahcall & Soneira (1984) on a scale of (100 ÷ 150) h −1 Mpc, significant at 3σ level. So a universal dimensionless correlation function was proposed -for galaxies, clusters and superclusters (cf. Szalay & Schramm 1985) . Lebedev & Lebedeva (1988) found a power low correlation function with γ just 1.8 for the catalog of Batuski & Burns (1985) . But the result is doubtful because selections in the real catalog were not taken into account. Besides, this supercluster catalog has large uncertainties since very rough redshift estimates were used.
We have obtained new estimates for the space two-point correlation functions on the base of the five most complete recent catalogs of superclusters of galaxies.
In section 2 we describe the catalogs, in section 3 our procedures for calculation of the correlation function are presented. The results are given in section 4 and are discussed in section 5.
Catalogs of superclusters of galaxies
All current catalogs of superclusters (with an only exception, see §2.2.3) are compiled from the A-ACO catalogs of clusters of galaxies (Abell 1958 , Abell et al. 1989 . In fact the ACO catalog contains all the data from the original Abell catalog.
Previous lists
First lists of superclusters in the redshift space are published by Thuan (1980) and Bahcall & Soneira (1984) . Only A-clusters with richness R ≥ 1 are used. Thuan have examined 77 clusters with measured redshift z m < 0.08 and found 17 superclusters with multiplicity 2 ≤ ν ≤ 11 using a percolation procedure with percolation radius r p = 36h −1 Mpc. Bahcall and Soneira used a nonpercolation as well as a percolation procedure and found 16 superclusters (from 104 A-clusters with z m ∼ < 0.1) at density enhancement f = 20 with 2 ≤ ν ≤ 15, while at f = 400 there are only 7 with ν = 2 or 3.
The corresponding r p = 14h −1 Mpc for f = 20. Note the quantity f has different meaning in various publications.
The finding list of candidate superclusters of Batuski & Burns (1985) includes 102 aglomerations with r p = 30h −1 Mpc among 652 A-clusters within z = 0.13. But the larger part of the clusters have estimated redshift z e with a standard deviation of 30 %. Some of the superclusters are extremely huge and contain tens of clusters. Tully (1987) also found huge superclusters. The existence of such vast complexes was put in question (e.g. Postman et al. 1989 Postman et al. , 1992 . West (1989) found 48 superclusters with r p = 25h −1 Mpc (corresponding to f = 11) among 286 A-clusters with R ≥ 0 within z m = 0.1. The multiplicity is from 2 to 13. Postman et al. (1992) studied the distribution of near A-clusters (a complete sample of 351 clusters with z m up to m 10 = 16.5) and with r p = 22, 16, and 13h −1 Mpc (equivalent to f = 2, 5, and 10) they have found 23 superclusters at f = 2 with ν ≥ 3, while there are 11 superclusters at f = 10 with ν = 3 or 4.
Another percolation analyses of near A-and ACO-clusters (z ∼ < 0.08, R ≥ 0) with only 14 estimated redshifts (acccording to Scaramella et al. 1991 , with st.dev. of 34 % for A-and 25 % for ACO-catalog) is performed by Cappi & Maurogordato (1992) . At density enhancement f = 1.9 for northern clusters r p = 21h −1 Mpc while for southern ones
Mpc. There are 24 superclusters having ν ≥ 3 at f = 1.9.
Current catalogs
Three catalogs of near superclusters, one catalog of near and distant superclusters, and the newest catalog of APM superclusters are used in our analysis. -Zucca et al. (1993) found superclusters among A-ACO clusters having richness R ≥ 0 and distance R < 300h −1 Mpc. ZZSV used redshift-magnitude relations to estimate redshift of A-and ACO-clusters with st.dev. of 23 % and 24 % respectively.
Three catalogs

ZZSV
The percolation radii are different for A-and ACO-clusters -for f ≥ 2 (their denotation) r p = 20.1 and 16.8h −1 Mpc, while at f ≥ 200 they have r p = 4.3 and 3.6h −1 Mpc. ZZSV found N = 69 superclusters with ν ≥ 3 for f ≥ 2.
EETDA - Einasto et al. (1994) used r p = 24h −1 Mpc for 783 A-ACO clusters (R ≥ 0, R ≤ 300h −1 Mpc) and found N = 130 superclusters with 2 ≤ ν ≤ 32. Estimated redshifts are according to the magnitude-redshift relations in the ACO catalog (with error > 40%) or according to Postman et al. (1985) , with st.dev. of 38 % .
ETJEA -the last catalog of Einasto et al. (1997) compiled again with r p = 24h −1 Mpc) among 1304 A-and ACO-clusters (R ≥ 0, z ≤ 0.12). Here z e is estimated according to Peacock & West (1992) with st.dev of 27 % for A-clusters and 18 % for ACO-clusters. The multiplicity is 2 ≤ ν ≤ 34 for all of the 220 superclusters.
An extensive catalog
The largest catalog of superclusters among all A-and ACO-clusters is compiled by Kalinkov & Kuneva (1995) -KK, with a nonpercolation procedure, for a local density enhancements f = 10, 20, 40, 100, 200 and 400. However a resemblence between our procedure and the percolation analysis allows to define an acceptable r p depending on distance, for both procedures. Thus r p = (7.0 ÷ 10.4)h −1 Mpc for f = 10 and
There are 893 different superclusters. The catalog contains superclusters with members with measured (z m ) and/or estimated (z e ) redshift. The estimated redshifts are computed according to the multiple regressions found by Kalinkov et al. (1994) . We have to note that the st.devs of the regressions for A-clusters are: 4.4 % for R = 0 + 1, 3.3 % for R = 2 and 1.9 % for R = 3. Small st.devs for A-clusters is expectable since many good regressors are used. The redshift estimates are not so good for ACO-clusters -s = 33%
for R = 0, s = 20% for R = 2 and s = 18% for R = 3 + 4. Our standard deviations for ACO-clusters are worse than those of Peacock & West (1992) . The cause may be that
Peacock & West rejected many measured redshifts. The rejection of values which strongly depart from a regression curve inevitably leads to decreasing of the standard deviation of the regression. The absence of good regressors influences our st.dev.
Some general characterisrics of the superclusters are given in KK, kinematical and dynamical features may be found in Kalinkov et al. (1996) and the distribution of the superclusters in Kalinkov et al. (1998) .
We give in Table 1 Thus all superclusters in the column "Identifications" are just equal to the superclusters from the first column. The sign "+" or "−" shows which ACO cluster have to be added or removed from the configuration to reach an equallity. The cases when the equallity could be reached with addition or removal of more than two ACO-clusters are given in the notes.
The corresponding multiplicity is given in brackets. contain supercluster designation, density enhancement f , multiplicity ν, coordinates (HHMM.d ± DDMM), galactic latitude b, distance R, the extension along R.A., Dec, and R. Next columns 10-13 give four space radii -inertial r i , mean harmonic weighted r h , mean separation r s , virial r v and the last column is the mass, defined as simple sum of cluster masses, computed according to the relation of Bahcall & Cen (1993) .
In fact we have used ten radii -from projected distribution (2D) and for space (3D) case, as well as weighted and unweighted ones. All the radii are in accordance implying that there is no significant anysothropy in the cluster distribution inside the superclusters.
effects. The radii we have used are the same ones used in galaxy groups studies (the formulae are given by Huchra & Geller 1982 , Nolthenius & White 1987 , Ramella et al. 1989 , Maia et al. 1989 , Gourgoulhon et al. 1992 and Jackson 1975 .
First of all, the superclusters from Tables 1-2 are not elongated in the line of sight direction. For f = 10 we have < ∆R.A. >:< Dec >:< R >= (14.0 ± 8.8) : (15.6 ± 7.8) :
(17.5 ± 9.1) and (9.8 ± 6.5) : (11.6 ± 6.3) : (13.2 ± 7.3) for f = 20 (all extensions are in h −1 Mpc). This fact leads to the conclussion that the peculiar velocities of the clusters are not larger than a few hundred km s −1 .
The inertial radius r i is the smallest -< r i >= 11.7 ± 3.7h −1 Mpc, while the virial one is the largest -< r v >= 22.5 ± 10.2h −1 Mpc for f = 10.
The radii regarded as physical size of the superclusters put constraint on the smallest separation for correlation function estimates ∆r ∼ > 40h −1 Mpc.
The mean supercluster mass for f = 10 is (1.36 ± 0.50) · 10 15 M ⊙ . The mass for f = 20
is somewhat smaller -(1.30 ± 0.42) · 10 15 M ⊙ .
The APM catalog
The last catalog of clusters of galaxies (Dalton et al. 1997 ) is constructed on the APM Galaxy Survey, which contains over 2 · 10 6 galaxies to a magnitude limit of b j = 20.5 (e.g Maddox et al. 1990a,b; . The survey covers an area of 4300 ⊓ ⊔ • in the southern sky where the galactic absorption is negligible. The APM catalog of clusters of galaxies is compiled with an automated algorithm of Abell-like selection criteria. This catalog is entirely objective. It does not comprise any subjective or systematic errors inherent to Aand ACO-catalogs.
We have added more measured redshifts to the APM catalog of clusters of galaxies, taken predominantly from the literature. Thus the number of clusters with measured redshifts in our version of the catalog is 393. A new estimate of the redshift for the rest of 564 clusters is obtained with the regression log z e = −4.36 + 0.176 m X + 0.068 log(πr
where r C is the projected radius used in the original catalog in the final iteration and N is the cluster richness (the notation in Dalton et al. 1997 is R). The standard deviation for the above regression is 28 % .
We searched the APM catalog of clusters for superclusters of galaxies with a percolation procedure and r p = 15h −1 Mpc, which corresponds roughly to density enhancement f = 10.
There are 83 superclusters with multiplicity ν ≥ 3. The sixteen superclusters whose members have measured redshift are given in Table 3 . In brackets is given the rich cluster (A) or the supplementary (S) cluster which is identified with APM cluster. It is curious that suplementary clusters, which are regarded by Abell et al. (1989) as poor or very distant, are found in an objective searching procedure. It may be caused by the background correction accepted in ACO, based on a "universal" luminosity function for galaxies. It is not by chance that in some cases in ACO R < 0 (S17, S34 -their Table 5 ; A2604, A2655 -their Table 6 ). The original procedure of Abell (1958) require a local correction. Actually the APM catalog of clusters is based on a local background correction. So some of the supplement ACO clusters could be rich and near ones. The nearest APM supercluster is at R = 149h −1 Mpc and the distant one -at 361h −1 Mpc.
Estimates and uncertainties of the correlation function
We use three estimates of the correlation function:
DP (Davis & Peebles 1983) :
H (Hamilton 1993) :
LS (Landy & Szalay 1993) :
where DD is the number of pairs in the separation bin (r − ∆r/2, r + ∆r/2) in a supercluster catalog sample, RR is the number of pairs in a random catalog with same number of objects n, occupying the same volume and with the same selections as the real one, and DR is the crosscorelation pair counts between both catalogs.
We have used three uncertainties in terms of significant interval corresponding to 1σ
(68 %): P (Poisson):
LFB (Ling, Frenk & Barrow 1986) : 
where G is the cumulative distribution function (CDF) of the ξ i 's, and Φ is the CDF for the normal distribution (thus Φ −1 (t) = −1, +1). So ∆ξ ET is the bootstrap uncertainty.
There are plenty of opinions for the uncertainties of the correlation function. Peebles (1980) argue that its variance is 1/DD, namely Poissonian, if the correlation is negligible. Landy & Szalay (1993) demonstrated that 1/DD variance is not attained for many estimators. Their estimator (LS) is free of biases and has 1/DD variance at all scales for uncorrelated data. (A treatment for the variance of the correlation function in the presence of correlations is given by Bernstein 1994). According to Ling et al. (1986) ∆ξ P underestimates the uncertainties, while Mo et al. (1992) reckon that the bootstrap resampling technique overestimates the uncertainties in the correlation function. A detailed comparison of various estimators for the correlation function could be found in Sicotte (1995). An extremely successful application of ∆ξ ET is made by Shepherd et al. (1996) .
Usually the uncertainty ∆ξ L is called "bootstrap" (e. g. Mo et al. 1992) . We prefer using this term to ∆ξ ET .
Some information about the random catalogs. Space coordinates of any supercluster are defined by the galactic coordinates l, b and distance R. Applying the bootstrap method we choose randomly from the real superclusters a latitude, a longitude and a distance independently, thus forming one random object. In all estimations we generate 1000 random catalogs with number of objects equal to the number of objects in the supercluster catalog sample.
We have probed another way to construct the random catalog. Knowing the distance and latitude selection functions, and supposing a random distribution along longitude, it is easy to generate a catalog which follows the selections in the real one.
It is worth to note that when the bootstrap resampling technique for the uncertainties is used then the random catalog is constructed by picking up randomly objects from the supercluster catalog sample. A detailed description is given by Mo et al. (1992) .
Results
We present results for nine samples (Table 4 ) from four catalogs in the polar caps |b| ≥ 30 • . While "N" denotes the northern cap, "N+S" means joint examination of the superclusters in both caps. Only superclusters having multiplicity ν ≥ 3 are examined.
The number of objects is n. In column "Distance" z means that all member clusters of the superclusters have measured redshift. Sample 4 contains superclusters with at least one member cluster having measured redshift denoted as "z + (e)". For samples 5, 6 and 7 "z + e" means that the superclusters have measured as well as estimated redshifts. All estimates in the first bin are biased as far as the superclusters are not points, while the objects in the random catalogs are points. (When "sizes", e.g. virial radii, are attributed to the random "superclusters" then the estimates in the first bins will be unbiased). The bias slightly depends on the sample size as well as on the bin widths.
However we present the biased estimates.
The correlation functions for samples 1-3 are the most representative ones. All member clusters of the superclusters have measured (not estimated) redshift. It is evident that |ξ| < 0.1 ÷ 0.2 for r ∼ < 500 h −1 Mpc. The correlation functions for both galactic caps present the results for a sample with a total length of ∼ > 1200 h −1 Mpc.
The Poissonian error, as well as ∆ξ L , underestimates the real uncertainty. It seems that the uncertainty ∆ξ ET is representative. Another note is that the uncertainty for the LS estimator is not a Poissonian one.
Sample 4 is not so representative as far as it includes cluster members with estimated redshift. However this sample supports the case for |ξ| ∼ < 0.1.
Samples 5-7 have large uncertainties. In the last two samples only a rough estimates for redshift is made. Nevertheless Fig. 2 supports the case of small correlation.
A crucial test is based on samples 8-9, which are constructed from an entirely objective catalog of clusters of galaxies (APMC). Fig. 3 unambiguously indicates |ξ| < 0.1 ÷ 0.2.
We show the three estimators -DP, H, LS are in very good agreement. All samples support our claim for non significant correlation up to r ≈ 500h −1 Mpc.
The most astounding thing is that for all superclusters in KK catalog, disregarding the density enhancement, multiplicity and measured or estimated redshift, we get small correlation. This refers to various samples from the catalogs ZZSR, EETDA, ETJEA and APMS as well.
We have determined the galactic latitude selections as well as the distance selections for superclusters in KK catalog (Kalinkov et al. 1998 ). The construction of random catalogs having the same selections as in the real catalog does not change the main result -negligible correlation.
Discussion
Using some representative samples of superclusters of galaxies we have shown that
Mpc. This is valid for a volume with length
• . Five catalogs of superclusters of galaxies are used. Three different searching algorithms are applied to form these catalogs. Our result is independent of the samples -superclusters having ν ≥ 2, 3 and 4, defined at density enhancements f = 10, 20, 40 and 100 (there is no statistics for higher f ), including superclusters with member clusters without measured redshift. All samples lead to negligible correlation which may be regarded as a robust result. It seems that the superclusters of galaxies compose a Poissonian field without any structures of superclusters. Therefore the superclusters do not obey the universal correlation function hypothesis (Bahcall 1988 , Bahcall & West 1992 .
One could assume that the result of Bahcall & Burgett (1986) for non-zero correlation is due to the small statistics.
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